Introduction
============

Restoring edentulous spaces in the mouth with endosseous dental implants is increasingly common. The success of dental implants is dependent upon several important considerations. A key challenge for implant placement is insufficient bone volume at the proposed implant site, which is a very common problem encountered in the rehabilitation of the edentulous posterior maxilla with dental implants. Bone volume in this region is limited by the presence of the maxillary sinus, its continuous pneumatization, and the progressive resorption of alveolar bone height.[@B1][@B2]

One of the most effective ways to manage reduced vertical bone height in the posterior maxilla is the maxillary sinus elevation technique.[@B1] Several surgical techniques have been developed to augment the sinus floor. Regardless of the technique employed, postsurgical complications such as infections, failure of the graft, and sinus membrane perforation may ultimately lead to the failure of the surgical procedure. Evidence indicates that failure of the surgery may be associated with pre-existing sinus disease or a documented susceptibility to sinus disease.[@B3][@B4][@B5][@B6][@B7][@B8][@B9][@B10][@B11] Therefore, the proper preoperative evaluation of the maxillary sinuses prior to any augmentation is essential for minimizing postoperative complications and increasing the likelihood that the procedure will succeed.[@B11]

Many radiographic imaging techniques have been employed to study the maxillary sinus. The panoramic radiograph is the most common two-dimensional radiographic image projection used by a majority of dentists for a generalized evaluation of the orofacial complex.[@B12][@B13] Although panoramic radiographs are useful for obtaining an overview of the orofacial complex, they have certain inherent limitations, such as unequal magnification and geometric distortion across the image layer, leading to an inaccurate depiction of anatomy and pathology as well as unreliable measurement accuracy. Occasionally, the presence of overlapping structures, such as the cervical spine, can lead to misdiagnosis. Furthermore, clinically important objects may be situated outside the plane of focus (the image layer) and may appear distorted or not present. Pathology associated with the medial wall of the maxillary sinus is often not visualized on a panoramic radiograph.[@B12][@B14] Therefore, panoramic radiographs are not a reliable method of predicting the likelihood of sinus pathology.[@B12] Obtaining a three-dimensional view using computed tomography (CT) is a more accurate method of studying the maxillary sinus.[@B12] For many years, CT was preferred for the preoperative examination of the maxillary sinus prior to implant placement, because it enhances the evaluation of the anatomical structures and minimize the risks involved with the surgical procedure.[@B13] Although conventional CT has become the imaging modality of choice for evaluating the maxillary sinus, its high cost, radiation dose, and availability have restricted its use in routine dental practice.

The introduction of cone-beam computed tomography (CBCT) has provided a relatively low-dose and high-resolution alternative for imaging the maxillofacial region.[@B15] With its low cost, low radiation dose, and high spatial resolution, CBCT is becoming the modality of choice for evaluating potential implant sites, especially in complex cases that require three-dimensional views of the area of interest.[@B15][@B16]

The objective of the present study was to evaluate to evaluate the diagnostic efficacy of panoramic radiography and CBCT in diagnosing pathology in the maxillary sinus prior to dental implant therapy. We also propose a radiographic classification of sinus pathology relevant to the surgical augmentation of the floor of the maxillary sinus.

Materials and Methods
=====================

An existing database of radiographic images from the archives of the Department of Oral and Maxillofacial Radiology of the School of Dental Medicine of the University of Connecticut was used in this study. All CBCT images were obtained with a CB MercuRay CBCT machine (Hitachi Medical Corporation, Tokyo, Japan). The images were all acquired using a six-inch field of view at 120 kVp and 15 mA with a voxel size of 0.2 mm. The panoramic images were acquired using the standard adult setting mode on a Planmeca panoramic machine (Planmeca USA, Roselle, IL, USA). A deidentified data set of images of patients was created by using CB Works 3.0 (Cyber Med Corporation, Seoul, South Korea). All HIPAA markers were scrubbed from the Digital Imaging and Communications in Medicine (DICOM) data of the CBCT acquisitions and the panoramic images. An institutional review board exemption for the evaluation of the deidentified radiographic images was obtained. The selection criteria included patients who had undergone both a panoramic radiograph and a six-inch field of view CBCT scan for implant treatment planning.

In this study, we sought to identify any clinically relevant and radiographically evident pathology, including mucosal thickening, odontogenic sinusitis, allergic sinusitis, mucus retention cysts, antroliths, oroantral communications, partial to complete sinus obliteration, mucoceles, mucopyocele, and patency of the ostium and the osteomeatal complex.

Initially, 100 CBCT scans acquired for maxillary implant placement were obtained. However, as per the inclusion criteria, only 50 cases had both a CBCT scan and a panoramic radiograph. Ultimately, 50 cases with a total of 100 maxillary sinuses were evaluated. Each sinus (two per case) was treated as a separate and independent entity for evaluation. All CBCT images were viewed as reconstructed images from the acquired volume in the DICOM 3 (.dcm) format, and all panoramic images were viewed as JPEG images. All images were viewed on an HP Compaq DC7800 computer (Hewlett-Packard Company, 3000 Hanover Street, Palo Alto, CA, USA) under standardized lighting conditions. The examiners were given the ability to manipulate the contrast and magnification on all panoramic images. CBCT acquisitions were reviewed using the CB Works 3.0 software (CyberMed Inc., Seoul, South Korea) with the ability to view the volume acquisition in total via the multiplanar reconstruction mode showing the axial, sagittal, and coronal views. The individual examiners had the ability to adjust and control the histogram and the contrast settings in the visualization software. The examiners also had the ability to view the acquired CBCT volume as axial, sagittal, coronal, and cross-sectional images. The examiners were able to scroll through the entire volume and were given the capability to reconstruct the entire volume as corrected cross-sectional images of the desired thickness.

Four examiners, including one experienced periodontist, one oral and maxillofacial radiologist, and two periodontists in training, evaluated the deidentified set of maxillary sinus images using the following scale to represent the presence of sinus pathology: 1, definitely present; 2, probably present; 3, uncertain if present; 4, probably not present; and 5, definitely not present.

All examiners were given a training session demonstrating the functions of the software prior to evaluating the images. They were also shown panoramic and CBCT images of the most common pathological conditions occurring in the maxillary sinus, as well as panoramic and CBCT images of normal, disease-free maxillary sinuses.

The examiners evaluated the maxillary sinus to identify any pathology associated with the sinus. The pathological conditions included thickening of the mucoperiosteal lining of the floor of the maxillary sinus, sinusitis, mucus retention cysts associated with the floor, lateral or medial walls, infections, bony septations, antroliths, mucoceles, neoplasms, and any other unusual appearance associated with the sinus, as previously described.

All evaluations were performed twice with an interval of at least two weeks, in order to assess interobserver and intraobserver reliability. The examiners were blinded to the details of the image they were reviewing, with the exception of a random identification number attached to each image.

Statistical analyses of the data collected from the individual evaluation sessions were performed using SPSS version 12.0 for Windows (SPSS Corp. Chicago, IL, USA). Cronbach\'s alpha was calculated to assess intraobserver reliability, and Cohen\'s kappa was calculated to evaluate interobserver reliability. Receiver operated characteristic (ROC) curve analysis was performed to evaluate the diagnostic efficacy of the two imaging modalities and their ability to detect sinus pathology.

Results
=======

The analyses showed that 72% of the patients included in this study exhibited maxillary sinus pathology. High interobserver and intraobserver reliability were found for both imaging modalities and among the four examiners ([Table 1](#T1){ref-type="table"}). Although the panoramic radiographs scored high on the reliability scale, the examiners selected the option \'unsure if present\' more frequently than they indicated the definitive presence or absence of pathology, indicating that this imaging modality is less useful clinically. The ROC analysis showed that CBCT had a larger area under the curve (0.940) than the panoramic radiographs (0.579). The panoramic radiographs showed high sensitivity but low specificity, whereas CBCT showed high sensitivity and specificity for identifying maxillary sinus pathology ([Fig. 1](#F1){ref-type="fig"}).

Discussion
==========

The purpose of the present study was to evaluate the diagnostic efficacy of panoramic radiography and CBCT with regard to diagnosing pathology in the maxillary sinus. A retrospective analysis of radiographic images was performed, examining the maxillary sinus using a five-point scale to score the presence or absence of pathology, ranging from mild thickening of the mucoperiosteal lining to complete obliteration of the sinus.

The maxillary posterior teeth have a higher morbidity rate than the rest of the teeth in the oral cavity.[@B17] Replacement of these teeth is important to treat occlusion and to restore function. Traditionally, removable partial dentures and fixed bridges have been used as restorative options, but it has become increasingly common to replace missing teeth with dental implants.[@B17] The long-term success of dental implants depends on the availability of bone in the proposed implant site. In situations where the bone volume is inadequate, the floor of the sinus is lifted to create the desired amount of space for the placement of a graft material.[@B18][@B19]

Evaluating the maxillary sinus for mucosal thickening and pathology is essential prior to implant treatment. In this study, 72% of the patients showed presence of some degree of pathology in the maxillary sinus. The most common finding was mucosal thickening of varying degrees. This is significantly higher than the range that has been reported in the literature for a normal population.[@B20][@B21] The presence of pathology is a potential contraindication for the procedure. Therefore, the clinician must adequately plan the procedure prior to surgery. Radiographic examination is a crucially important tool for the detection of sinus pathology.[@B14][@B15] In the present study, the diagnostic abilities of panoramic radiography and CBCT were evaluated using an ROC analysis. In ROC curve analyses, a larger area under the curve corresponds to a greater diagnostic ability. The panoramic images had a value of 0.579 for the detection of pathology, which reflects a performance only slightly better than chance or the flip of a coin. In comparison, CBCT was able to detect the presence of pathology with an area under the curve of approximately 0.94, indicating a very high detection capability, which corresponds to the findings of previous studies[@B12][@B22].

In the present study, high interobserver and intraobserver reliability was observed for both imaging modalities. Although the panoramic radiographs scored high on the reliability scale, the examiners selected the option indicating uncertainty regarding the presence of pathology more frequently than they indicated the definitive presence or absence of pathology, underscoring the diagnostic unreliability of this imaging modality. Studies have shown that discrepancies exist in skeletal symmetry in normal adults,[@B23] and two-dimensional images are therefore far from reliable, especially when evaluating the area of interest for potential surgical augmentation. The outcomes of our study show that pathological entities may be undetected, leading to the potential failure of the procedure. Since the panoramic radiographs were unable to show pathology in close to half of the sample size (43%), preoperative treatment planning using this projection is not reliable. Due to the magnification of depicted anatomic structures in the image layer, the height and width measurements in the sinus floor-alveolar ridge area are grossly misrepresented. This information could be pivotal in making a decision about the length and type of implant to use, as well as the need for sinus augmentation.[@B24][@B25] Three-dimensional evaluation of the maxillary sinus is helpful to analyze the maxillary sinus in detail, since it provides an adequate depiction of the medial and lateral walls of the sinus along with the floor, thus showing all the anatomical boundaries of the sinus and reducing the risk of complications. The patency of the osteomeatal complex and the absence of any signs of inflammation and infection are potentially vital factors for the success of sinus augmentation procedures.

This study analyzed a sample of patients requiring implant therapy in the posterior maxilla, which was likely not a representative sample of the population at large. Nonetheless, the results of our study do pose an important question about the evaluation of the maxillary sinus prior to augmentation. Sinusitis is an extremely common chronic disease, affecting at least over a million Americans. Evidence has been found indicating that dental pathological findings are associated with mucosal thickening, and that 10%-12% of cases of maxillary sinusitis, including mucous thickening, are caused by dental infections. [@B26][@B27][@B28] Thus, we may hypothesize that by treating a dental infection, a dentist can prevent mucous thickening, thereby possibly prevent the development of maxillary sinusitis. It is therefore advisable to adequately examine the maxillary sinus, treat any pathology that is found, and obtain desirable results before attempting any surgical augmentation.

Although the primary question posed by this study was to evaluate the diagnostic abilities of two imaging modalities to detect pathology, the mere presence of radiographic thickening of the mucoperiosteal lining of the floor of the sinus is not necessarily a contraindication to sinus augmentation. This creates a dilemma for the clinician as to when it is safe to enter the sinus to perform augmentation and when it is contraindicated. No guidelines exist to help the clinician plan augmentation of the maxillary sinus.

In 1994, Newman et al.[@B29] presented a classification of radiographic thickening of the sinus mucosa as visualized on CT scans and its relationship with allergy and asthma. Although several classification systems of sinusitis exist, no classification takes radiographic thickening into account and provides guidelines with regard to sinus augmentation. In the classification proposed in this study, we divide the radiographic findings into four classes and provide guidelines regarding maxillary sinus floor augmentation for dental implant therapy.

We propose a classification that will help the clinician decide when to attempt an augmentation procedure involving the sinus, using a sinus lift and graft procedure, and when to refrain from performing any surgical augmentation and to seek a consultation from an ear, nose, and throat (ENT) surgeon ([Table 2](#T2){ref-type="table"}, [Fig. 2](#F2){ref-type="fig"}). In this classification, the absence of any radiographic pathology up to the presence of approximately 2 mm of thickening of the sinus lining is consistent with safe surgical augmentation. Radiographic thickening of 2-5 mm is not an absolute contraindication for augmenting the sinus, but caution should be exercised in cases with that amount of radiographic thickening, especially if the numbers are in the higher end of the range. A comprehensive clinical examination along with a detailed history of the patient\'s allergies and previous episodes of headaches and/or other orofacial pain should be carefully recorded prior to attempting surgery. Radiographic thickening measuring 6-9 mm, with or without partial obliteration of the sinus, is a contraindication for sinus augmentation. The presence of 6-9 mm of radiographic thickening is an indication of either inflammation or infection due to a variety of causes, ranging from odontogenic sinusitis to a mucocele. Entering the sinus in the presence of active disease of that type will lead to potential complications. Referring patients with such findings to an ENT surgeon is indicated to ensure that the pathology is addressed. Complete obliteration of the sinus is an obvious contraindication for sinus augmentation and puts the patient at high risk for complications. A referral to an ENT surgeon is recommended to diagnose, manage, and resolve the situation prior to attempting any surgical augmentation. The results of this study showed that three-dimensional imaging of the maxillary sinus using CBCT proved to be significantly more reliable for detecting sinus pathology than panoramic radiography.
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###### Interobserver reliability in the evaluation of mucosal thickening using panoramic radiography and cone-beam computed tomography (CBCT).
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###### Proposed classification of sinus augmentation procedures with regard to mucosal thickening in the maxillary sinus.
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